Summary &mdash; Sugar consumption and hoarding behaviour of groups of honeybee workers were measured. Groups with different genotypic intragroup variabilities were tested to detect a relationship between intragroup variance and cooperative group efficiency. A significant correlation was found between genotypic variance and with both sugar consumption and hoarding behaviour. High intragroup variance caused a low hoarding performance, a high food consumption and a low sugar concentration in the stored sugar syrup. It is concluded that the genotypic variance of a group has a strong influence on the expression of social behaviour in groups.
INTRODUCTION
The efficiency of honeybee colonies (Apis mellifera L.) strongly depends on the cooperative behaviour of worker bees. Several mechanisms determine how the individual honeybee contributes to cooperative group behaviour in the colony. The best understood system is age-dependent polyethism (R6sch, 1925 , 1927 Lindauer, 1952) . However, division of labour is not exclusively determined by age (R6sch, 1930) . Honeybee colonies can quickly respond to environmental changes by shifting workers from one behavioural task to another (Sakagami, 1953) .
Beside age and environmental effects, genetic variability also accounts for division of labour. Moritz and Hillesheim (1985) found a large genetic variance for egg laying and nonreproductive workers. Recent studies (Calderone and Page, 1988; Frumhoff and Baker, 1988; Robinson and Page, 1988) gave further evidence that genotypic variability among the workers is an important factor to establish division of labour in honeybee colonies. The polyandrous mating behaviour of the honeybee queen (Adams ef al., 1977) results in a large genotypic variance among the workers in natural colonies. If cooperative group behaviour depends on the degree of genotypic variance in a colony, this would be an additional model for the evolution of polyandry to those suggested by Crozier and Page (1985) .
There have been few reports on the effect on group behaviour of combining genetically different workers. Winston and Katz (1982) (Hillesheim et aL, 1988) . The above examples show that additive and non-additive interactions between workers are important for the expression of group phenotypes (see Moritz, 1988a (Fig. 1 ) .
Bio-assay
A sealed brood of the inseminated queen was placed in an incubator (34 °C; 70% rh.). Newly emerged workers were collected daily and groups of 60 workers (test groups) were placed in small screened cages (10 x 5.5 x 12.5 cm). The genotypic composition of these groups varied such that they consisted of 1, 2, 3 or 4 patrilines at equal ratios (Table I ). The bees were fed ad libitum with water and sugar syrup (40%) via gravity feeders and with pollen (in a tray). The gravity feeders were exchanged every second day; pollen was renewed in daily intervals.
The amount of syrup stored in the comb and the amount taken from the feeder, the day of initial hoarding, and the quantity of actual sugar stored in the comb were recorded. The latter was evaluated by the volume of stored syrup (estimated via the number of filled cells), and sugar concentration (measured in a refractometer) at the end of the test period. The metabolic sugar consumption of the group was estimated by subtracting the amount stored from the total sugar taken from the feeder.
RESULTS

Sugar concentration
The overall mean sugar concentration in the stored syrup (64.9 ± 1.34%) was Figure  2 , however, clearly shows that the observed data drastically differ from those expected. There was a significant correlation between the number of patrilines in a group and the metabolic sugar consumption (r s = 0.25, P < 0.05, Fig. 2b ).
Stored sugar
Pure groups of all 4 patrilines showed similar hoarding behaviour (ANOVA, F= 2.27, n.s., Table II ). The 4 classes of genotypic variance in the groups, however, caused a significant variation in the data set (F= 3.77, P < 0.05, Table 111 ). Also Spearman's rank correlation reveals a highly significant negative correlation (r . = 0.4, P < 0.01 ) between the number of patrilines in the group and the amount of hoarded syrup. Groups with a large genotypic variance were less efficient in hoarding than pure groups of a single patriline (Fig. 2a) .
DISCUSSION
Although the workers in our tests were closely related, we could well relate the metabolic sugar consumption of workers to certain patrilines. Since the genetic markers do not affect the metabolic rates of workers (Moritz, 1988b) (Kulincevic et al., 1974 , Milne, 1980 , it seems to be important to discriminate carefully between the syrup taken from the feeder and the stored syrup (Free and Williams, 1972 ).
Although we found low absolute amounts of hoarded syrup in our experiment, they were still in the range of prior studies (50% of that given by Rinderer (1981) , and Rinderer and Baxter (1980) ; 25% of that given by Free and Williams (1972) ). Since we inseminated the queen with closely related drones, the low variance among the 4 patrilines is not surprising. The use of inbred workers may be the main reason for the low hoarding found in this study. Brückner (1980) Therefore, the differences in sugar concentration found in this study, most likely result from an efficient behavioural evaporation system of the workers (Lindauer, 1952) .
Although the amount of hoarded syrup was very similar for the 4 patrilines, the genotypic mixing had significant effects on hoarding behaviour. The mixed groups increased sugar consumption and decreased stores. Apparently, each addition of a patriline to a test group has a negative effect on hoarding. Thus, the resulting group phenotype did not resemble the expected &dquo;average&dquo; behaviour (additivity) but revealed strong non-linear interactions among genotypes. Non-linear interactions between genotypes on the expression of group behaviour have been reported several times (Trump et al., 1964; Moritz and Southwick, 1987; Winston and Katz, 1982) . Our case is the first report in which genotypic variability has had a negative effect on group performance.
Our results are in accord with the increased metabolic activity of genotypically mixed groups in alarm reactions (Moritz and Southwick, 1987) . In our hoarding tests, genotypically mixed groups had a higher sugar consumption which may reflect an increased metabolic rate. The actual biological mechanism behind this phenomenon remains unclear. Nevertheless, it is obvious that such non-additive interactions make predictions on the selectability of social traits highly complex (Moritz, 1986 (Moritz, , 1988a (Fig. ic) , mais la quantité et la concentration de la solution sucrée stockée diminuent (Fig. 1 a, b) 
